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TREATMENT OF INFLAMMATORY SKIN
DISORDERS

FIELD OF THE INVENTION

The mvention relates to skin disorders characterised by
hyperproliferation of keratinocytes, including but not lim-
ited to psoriasis and to treatment of same.

BACKGROUND OF THE INVENTION

Reference to any prior art 1n the specification 1s not, and
should not be taken as, an acknowledgment or any form of
suggestion that this prior art forms part of the common
general knowledge in Australia or any other jurisdiction or
that this prior art could reasonably be expected to be
ascertained, understood and regarded as relevant by a person
skilled 1n the art.

Psoriasis, the most prominent autoimmune disease, 1s
both chronic and relapsing in nature. It 1s characterized by
impaired barrier function, hyperproliferation of epidermal
keratinocytes and pronounced infiltration of inflammatory
cells.

Recent data showed that although inflammatory T cells
are 1ntegral to the disease, the keratinocyte 1s the key driver
of pathogenic inflammation in psoriasis, through integrating
responses to interleukin (IL)-1, IL-6, I1L-8, IL-17, interferon
(INF)-v, and TNF-o (1,2) and the activation of nuclear factor
NF-kB, a signaling molecule that maintains immune homeo-
stasis of epidermal keratinocytes (3,4).

There 1s no cure for psoriasis. Topical medications, pho-
totherapy, traditional systemic agents, and biologics only
offers options for management of 1ts symptoms. A combi-
nation ol agents 1s frequently needed for moderate-to-severe
cases and positive long-term outcomes require medication
adherence (5).

Typically, localized disease (10% body surface area) 1s
managed with topical medications while larger areas require
phototherapy or systemic therapy. Disease localized to the
palm and soles 1s often treated systemically, since skin
thickness 1n this area 1s not amenable to topical therapy.

Topical treatment agents include corticosteroids such as
clobetasol, and a vitamin D analogue such as calcitriol or
calcipotriene (6,7). The corticosteroid works by decreasing
inflammation, suppressing mitotic activity, and causing
vasoconstriction in the targeted areca. The mechanism of
vitamin D analogues action 1s not fully understood, but 1t
appears to regulate keratinocyte proliferation and difleren-
tiation (6). Thus components of both treatments include
inhibition of cell proliferation, although this 1s non specific.

Topical corticosteroids can cause skin atrophy, irritation,
and dryness 1n the affected area. Vitamin D analogues are
generally safe but can cause 1rritation while there 1s a risk of
hypercalcemia 1f used 1n very large doses (8).

With extensive psoriatic disease, phototherapy or sys-
temic treatments are used. The first-line treatment for exten-
s1ve psoriasis 1s through ultraviolet light, such as UVB and
UVA. However, this treatment 1s associated with a greater
risk of burns and skin cancer, particularly in patients with
lighter skin color. Low-dose methotrexate can also be used
if UV light therapy proves ineflective. Methotrexate 1is
reasonably eflective at controlling psoriasis, but i1s severely
limited by serious toxic eflects.

With the increasing knowledge of the immune nature of
the disease, biological agents that target T lymphocytes,
TNF-a, IL-12, and IL-23 have been successiully utilized 1n

moderate-to-severe psoriasis (8). Three commonly used
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TNF 1nhibitors include Enbrel (etanercept), Humira (adali-
mumab), and Remicade (infliximab). Ustekinumab, a new

agent that targets 1L.-12 and IL-23 was approved for mar-
keting 1n 2009, offering similar eflicacy and safety profiles
to anti-TNF agents (9).

Biological agents ofler considerable advantages over pre-
viously available systemic therapies, however, clinical trials
of these drug demonstrated that the activity of such com-
pounds 1s accompanied in the long term by a number of
disadvantages (10-11). Firstly, 1n patients with latent AMyco-
bacterium tuberculosis (1B) infection, active TB may
develop soon after the mmitiation of treatment with inflix-
imab. In addition, patients on TNF inhibitors are at increased
risk of opportunistic fungal infections, such as pulmonary
and disseminated histoplasmosis, coccidioidomycosis, and
blastomycosis. Secondly, a dose-dependent increased risk of
malignancies including lymphoma and skin cancer applies
to some treatments. Thirdly, a proportion of patients do not
respond to the agents, or fail to maintain initial response.
The availability of the biological agent 1s also limited by 1ts
high economical cost.

Activated protein C (APC) induces the gene expression of
the ant1 apoptotic human genes bcl-2 and MIHB. Based on
this anti-apoptotic function, APC has been mentioned for
minimisation of apoptosis in a wide range of conditions
where apoptosis 1s of concern, imncluding a large range of
organ speciiic and non specific inflammatory diseases, auto-
immune diseases, neoplasia and infectious disease. Notably
the use of APC 1s not suggested to treat all symptoms of
disease 1n these condition, merely to minimise apoptosis
(see WO2001/072328).

Further, many in the field are of the view that the
anti-apoptotic effects, such as suggested in W0O2001/
072328, should make APC unsuitable for treatment of
disorders where there 1s dysfunctional regulation of cell
proliferation, especially disorders involving keratinocyte
hyperproliferation. In particular, 1t 1s known that, apart from
the attenuation of calcium-induced cell death via prevention
of cell apoptosis by APC, APC also has a potent stimulatory
cllect on keratinocyte proliferation, and APC promotes
keratinocyte survival, growth and migration 1n an autocrine
manner via EPCR, epidermal growth factor receptor and
activation of ERK1/2 (17, 20).

There 1s a need for new approaches and therapies for
treatment of, or for minimising progression or symptoms of,
disease or disorders characterised by keratinocyte hyperpro-
liferation, such as psoriasis.

SUMMARY OF THE INVENTION

The mvention seeks to address one or more of the above
problems or limitations, and 1n certain embodiments pro-
vides a method of treating an individual for a skin disorder
characterised by the presence of hyperproliferative keratino-
cytes including:

providing an individual having a region of skin charac-

terised by the presence of hyperproliferative keratino-
cytes:

contacting the region of skin with a therapeutically eflec-

tive amount of activated protein C (APC);

thereby treating the individual for the skin disorder.

In other embodiments there 1s provided a method of
treating an 1ndividual for psoriasis including:

providing an individual having a psonatic plaque;

applying a composition including a therapeutically eflec-

tive amount of activated protein C (APC) to the plaque;
thereby treating the individual for psoriasis.
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In other embodiments there 1s provided a method of
treating an individual for acne including;

providing an individual having acne;

applying a composition including a therapeutically etlec-

tive amount of activated proteimn C (APC) to the acne;
thereby treating the individual for acne.

In other embodiments there 1s provided a method of
treating an individual for atopic dermatitis including:

providing an individual having atopic dermatitis;

applying a composition including a therapeutically etlec-
tive amount of activated protein C (APC) to the atopic
dermatitis or region of skin contaiming same;

thereby treating the individual for atopic dermatitis.

In other embodiments there 1s provided a method of
treating an individual for Pyoderma gangrenosam including;:

providing an individual having Pyoderma gangrenosam;

applying a composition including a therapeutically etlec-
tive amount of activated protein C (APC) to the Pyo-
derma gangrenosam or region of skin containing same;
thereby treating the individual for Pyoderma gan-
grenosam.

In another embodiment there i1s provided a method of
inducing wound healing or tissue regeneration 1n a region of
skin having a disorder characterised by keratinocyte hyper-
proliferation including:

providing an individual having a region of skin having a

disorder characterised by the presence of hyperprolii-
crative keratinocytes;

contacting the region of skin with a therapeutically eflec-

tive amount of activated protein C (APC);

thereby inducing wound healing or tissue regeneration 1n
the skin region.

In further embodiments there 1s provided a composition
including a therapeutically effective amount of APC for use
in minimising a skin disorder characterised by the presence
ol hyperproliferative keratinocytes, or for treatment of pso-
riasis, acne or atopic dermatitis, in an individual.

In still further embodiments there 1s provided a use of
APC 1n the manufacture of a medicament for minimising a
skin disorder characterised by the presence of hyperprolii-
erative keratinocytes, or for treatment of psoriasis, acne or
atopic dermatitis 1 an 1ndividual.

In still further embodiments there 1s provided a use of
APC for minimising a skin disorder characterised by the
presence ol hyperproliferative keratinocytes, or for treat-
ment of psoriasis, acne or atopic dermatitis 1 an individual.

In still further embodiments there 1s provided a kit includ-
ing a composition including a therapeutically eflective
amount of APC and written 1nstructions for use of the APC
in a method of treatment of a disorder characterised by the
presence ol hyperproliferative keratinocytes, or for treat-
ment of psoriasis, acne or atopic dermatitis 1n an 1ndividual,
the method being as described herein.

BRIEF DESCRIPTION OF THE

DRAWINGS

FIG. 1. (A) Human neonatal foreskin keratinocytes were
pre-treated with APC for 4 hr, then TNF-a and cells were
incubated for 72 hours and proliferation detected by MTT
assay. *P<0.05, **P<0.01 compared to relevant control. (B)
Effect of APC on growth of normal mouse dermal fibroblasts
(MDF), normal human dermal fibroblasts (HDF) and human
rheumatoid synovial fibroblasts (RSF, in red), measured
using a crystal violet assay (mean+SD. N=4 separate experi-
ments. *, I, #p<0.01 compared to relevant control, ANOVA.
(C) RSF were treated with APC for 24 hr. p21 and p27

measured by western blotting.
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FIG. 2: Exogenous or endogenous APC stimulates pro-
liferation and prevents apoptosis of cultured keratinocyte. A)
Proliferation was measured using an MTT assay and data
expressed as % cell proliferation compared to control. B)
Proliferation of keratinocytes in response to PC siRNA and
APC treatment after 72 h as detected by MIT assay. Cell
proliferation 1s expressed as a percentage of control. C&D)
Keratinocytes were treated with PC siRNA (0.5 um). After
48 h, cells were used for a TUNEL (terminal dUTP nick-end
labeling) assay to detect apoptotic cells (black arrows 1ndi-
cate apoptotic cells) (C) and quantitated by counting apop-
totic cells under high power microscopy (x20) (D). Data
were expressed as the average number of apoptotic cells per
field of 15 fields (mean+S.E., n=3). Graphs represent one of
three independent experiments. Images represent one of
three independent experiments. * p<0.05, ** p<0.01. Scale
bar: 40 um.

FIG. 3: PC or EPCR s1iRNA treatment inhibits growth and
promotes apoptosis of HUVEC.A) Proliferation rate of
HUVEC 1n response to control, PC siRNA or EPCR siRNA
(500 nM) treatment 1n the presence or absence of exogenous
APC or PC, as detected by MTT assay. Cell proliferation 1s
expressed as a percentage of control (mean=SD) over 72 h.
**P<().01 compared to control (1st bar), " P<0.01 compared
to PCsiRNA (2Znd Bar). B) Proliferation of HUVEC i
response to a blocking antibody to EPCR (RCR252) 1n the
presence or absence of recombinant APC. Cell proliferation
1s expressed as a percentage of control (mean+SD) over 72
h. ¥*P<0.05 compared to control (1st bar), "P<0.05 compared
to APC alone (5th bar). C-E) HUVEC were treated with
control, PC siRNA or EPCR siRNA (both at 500 nM). After
36 h, transiected cells treated with recombinant APC (1
ug/ml) for 12 h, and cells were harvested at 48 h. Active
caspase-3 was detected by immunofluorescent staining
(white arrows 1ndicate active caspase-3 positive cells) (C)
and apoptotic cells were detected by in situ cell death
detection kit (white arrows indicate apoptotic cells) (D).
Images represent one of three independent experiments.
Scale bar 40 um. E) Apoptotic cells ({from D) were quanti-
tated by counting cells co-stammed with DAPI under the
microscopy. Data are expressed as the average number of
apoptotic cells under a high magnification (40x)

(meantSEM n=3). *P<0.05, **P<0.01 compared to control
(1st bar), P<<0.05 compared to PCsiRNA treatment (2nd bar)

DETAILED DESCRIPTION OF TH.
EMBODIMENTS

L1

As previously mentioned, at the time of the invention,
keratinocytes were understood to be critically involved in
the pathology of a range of skin inflammatory disorders
including psoriasis. Many of the long standing anti-inflam-
matory therapies were understood to beneficially minimise
the replication of inflammatory cells, and given that inhibi-
tion of growth and/or replication of inflammatory cells 1s
preferred, those compounds which had been predicted to be
anti-apoptotic were not considered for clinical use in the
treatment of these disease. These are some of the reasons
why, 11 spite of an anti-inflammatory function, prior to this
invention, APC had never been suggested to minimise or
resolve the skin disorders characterised by hyperprolifera-
tive, hyperplastic or otherwise disregulated proliferation of
keratinocytes. Indeed, prior to the mvention, the published
data on APC’s stimulatory etlect on keratinocyte prolifera-
tion was seen to imply that APC therapy would be detri-
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mental for inflammatory skin diseases such as psoriasis,
acne and other skin disorders characterised by keratinocyte

hyperproliferation.

As described herein, the inventor has surprisingly found
that APC 1nhibits apoptosis in slow growing or normal
human keratinocytes or cells but has no effect on imnhibiting,
the proliferation of abnormal or fast growing keratinocytes
or cells, the latter being the mediators of a wide range of
inflammatory skin disorders.

From this, the inventor has recognised that 1in skin disor-
ders associated with keratinocyte hyperproliferation, two
populations’ of keratinocytes with respect to response to
anti-apoptotic APC-mediated signals are 1n existence. Spe-
cifically, those that respond to APC (1.e. that do not undergo
apoptosis 1n response to basal levels of APC) are slow
growing, normal, non inflammatory cells. Further, those that
respond to APC (i.e. that do undergo apoptosis 1n response
to basal levels of APC) are faster growing, abnormal 1ntlam-
matory cells.

Importantly, the inventor has discovered that whilst APC
can stimulate proliferation of slower growing normal cells,
it has a unique selective ability to inhibit proliferation of fast
growing cells. Data 1s shown herein in which APC enhances
proliferation and inhibits apoptosis of slow-growing or
normal human cells under basal conditions, including
endothelium and keratinocytes. However, according to the
invention, APC differentially regulates cell proliferation
depending on the inflammatory state of the cells—specifi-
cally APC inhibits growth of TNF-a-stimulated keratino-
cytes and fast growing synovial fibroblasts from rheumatoid
arthritic synovium.

From the work described herein, the inventor has con-
ceived that, contrary to the understanding of the literature
prior to the invention, the anti-intflammatory benefits of APC
might be realised 1in patients requiring treatment of skin
disorders characterised by keratinocyte hyperproliferation,
because while the anti-inflammatory eflect would apply to
the inflammatory cells, the anti-apoptotic effect should apply
selectively or specifically to the keratinocytes that are non
inflammatory, and not to mflammatory keratinocytes.

Further, the outcome of such treatment should be the
continued normal proliferation of non intflammatory kera-
tinocytes (arising from the anti-apoptotic function of APC)
and through administration of APC, the provision of condi-
tions 1ncluding anti inflammation, together with possibility
of allowing intlammatory, hyperproliferative keratinocytes
to become apoptotic.

A. Definitions

As used herein, except where the context requires other-
wise, the term “comprise” and variations of the term, such
as “comprising”’, “comprises”’ and “comprised”, are not
intended to exclude further additives, components, integers
or steps.

“Keratinocyte” generally refers to an epidermal cell that
synthesizes keratin and other proteins and sterols. These
cells constitute 95% of the epidermis, being formed from
undifferentiated, or basal cells at the dermal-epidermal junc-
tion. Its characteristic intermediate filament protein is cytok-
eratin. In its various successive stages, keratin forms the
prickle cell layer and the granular cell layer, in which the
cells become flattened and slowly die to form the final layer,
the stratum corneum, which gradually exioliates.

“Hyperproliferation” generally refers to an abnormally
high rate of proliferation of cells by rapid division. Hyper-
proliferation 1n some contexts may arise from a cell largely
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existing 1 G, S or G, phases of the cell cycle. Hyperpro-
liferation may also be referred to as hyperplasia, and hyper-
proliferative cells may be referred to as hyperplastic cells or
tissue.

“Hyperproliferative keratinocytes” are generally kera-
tinocytes that tend to exist 1n a stage of interphase of the cell
cycle, such as G,, S or G,. These cells are unlike normal
keratinocytes 1n that normal keratinocytes generally exist in
G, (Gap zero), which 1s either a stage separate from inter-
phase or an extended G, phase, which follows the restriction
point, a cell cycle checkpoint found at the end of G;.
Hyperproliferative keratinocytes are also generally charac-
terised by having a expression of inflammatory genes and in
particular, genes mvolved in the NF-kB signaling pathway.

“Normal keratinocytes” are generally keratinocytes that
tend to exist 1n G, or 1n an extended G, phase. Generally
these keratinocytes are typically of those that have not been
stimulated with TNF-o, and they do not generally have
expression of genes of the NF-kB signaling pathway.

“Activated protein C” or “APC” generally refers to a
serine protease that functions as an anticoagulant by binding
to protein S and proteolytically mmactivating factors Va and

Vllla and by stimulating fibrinolysis through neutralization

of a plasminogen activator inhibitor. Walker et al., FASEB
I. 6, 2561-2567 (1992); Esmon, Arterioscler. Thromb. 12,

135-145 (1992); van Hinsbergh et al., Blood 65, 444-451
(1985). Precursor protein C 1s produced primarily in the
liver. Activation 1s achieved by the removal of a dodeca-
peptide at the N-terminus of the heavy chain of protein C.
The protein C pathway 1s mitiated when thrombin binds to
the endothelial cell surface protein, thrombomodulin, and
protein C binds to the endothelial cell protein C receptor. By

iactivating factors Va and VIlla, APC limits the amount of
thrombin formed. Esmon, Arterioscler. Thromb. 12, 135-145

(1992).

“Treating” and “treatment” generally refers to the man-
agement and care of a patient for the purpose of combating
a disease, condition, or disorder whether to eliminate the
disease, condition, or disorder, or prophylactically to prevent
the onset of the symptoms or complications of the disease,
pathological condition, or disorder.

A “skin disorder characterised by the presence of hyper-
proliferative keratinocytes” generally refers to a disease,
condition, syndrome or the like 1n which there 1s a predomi-
nance ol hyperproliferative keratinocytes, and in particular
an abundance of hyperproliferative keratinocytes as com-
pared with normal tissue. The disorder may be an intlam-
matory disorder, and typically involving one or more of the
stratum basale (stratum germinativum), stratum spinosuim,
stratum granulosum, stratum lucidum and stratum comeum.
Examples of skin disorders include pustular (suppurative)
and non pustular (non suppurative) psoriasis, including the
forms described herein, and acne including acne vulgaris or
cystic acne.

A “therapeutically effective amount” generally refers to
an amount of pharmaceutical compound that provides for
the desired clinical outcome. In certain embodiments, a
therapeutically effective amount of APC generally provides
an anti-apoptotic eflect on normal keratinocytes and may or
may not provide an apoptotic effect on hyperproliferative
keratinocytes. In one embodiment, a therapeutically eflec-
tive amount of APC may stop proliferation of hyperprolit-
erative keratinocytes and/or provide an anti-inflammatory
cllect. The relevant amounts can be established or deter-
mined according to the methods of the invention disclosed
herein.
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A “‘apoptosis inducing amount” generally refers to an
amount of APC that provides for induction of apoptosis of

a hyperproliferative keratinocyte.

A “growth stimulatory amount” generally refers to an
amount ol APC that provides for induction of proliferation
of non hyperproliferative keratinocytes, and in particular,
slow growing, normal, non mflammatory keratinocytes.

An “anti-inflammatory amount” generally refers to an
amount of APC that provides for minimisation of inflam-
mation of a skin disorder characterised by hyperproliferative
keratinocytes.

B. Methods of Treatment

With the understanding that APC does not prevent intlam-
matory hyperproliferative keratinocytes from undergoing
apoptosis, the inventor has recognised that APC can be used
to provide anti-inflammatory effects to disorders such as
psoriasis and acne without aggravating or worsening these
conditions as would otherwise occur 1f inflammatory kera-
tinocytes were prevented from apoptosis or otherwise
induced to proliferate or grow, as previously thought prior to
this invention. Therefore, 1n certain embodiments there 1s
provided a method of treating an individual for a skin
disorder characterised by the presence of hyperproliferative
keratinocytes. The method includes:

providing an individual having a region of skin charac-

terised by the presence of hyperproliferative keratino-
cytes:

contacting the region of skin with a therapeutically eflec-

tive amount of activated protein C (APC);

thereby treating the individual for the skin disorder.

According to the method, the APC 1s delivered directly to
the site or region of the skin characterised by the presence
of hyperproliferative keratinocytes by contacting the APC or
formulation containing same with the relevant region. The
site or region may be an open wound or ruptured skin
surface as occurs 1n acne or pustular psoriasis, or 1t may not
be substantially ruptured, 1.e. it may be more like a plaque
or other raised, hardened or fibrotic tissue. Where the site or
region 1s open 1n the sense of being ruptured or like, the APC
may be applied to the surface surrounding the rupture and/or
to the exposed tissue that normally underlies the skin surface
(for example, stratum basale (stratum germinativum), stra-
tum spinosum, stratum granulosum, stratum lucidum).

In this context, an important finding of the mventor has
been that APC can be delivered at the required site where the
skin 1s substantially unbroken, for example at a region
surrounding a rupture pustule, or at an otherwise substan-
tially unruptured skin surface. This enables local delivery by
direct contact of the APC or relevant formulation with the
site, something that 1s quite distinct from previous clinical
systemic applications of APC 1n treatment of a disseminated
disease or condition such as sepsis. The local administration
of APC according to the invention 1s advantageous and
applicable to diseases which are local rather than dissemi-
nated or systemic as i1t limits the risk associated with APC
delivery to the local region, and substantially minimises the
risks associated with the systemic delivery of APC, for
example by continuous infusion.

The local delivery of APC to the site of concern 1s a
significant departure from the administration of APC known
in the art for treatment of other diseases and conditions.
According to the methods known 1n the art at the time of this
invention, APC 1s preferably administered parenterally, most
preferably intravenously, at a dose of from about 1 ug/day to

about 500 mg/day or from about 1 IU/kg/day to about 6000
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IU/kg/day for a human patient. See, e¢.g., U.S. Pat. Nos.
5,151,268 and 5,571,786. For severe sepsis, Xigris™ 1s
administered by continuous infusion at a rate of from about
12 ng/kg/hr to about 30 ug/kg/hr to give a steady state
plasma concentration of about 45 ng/ml APC after about two
hours of infusion. The current invention generally 1s not
based on a continuous ifusion by systemic administration.
Rather, 1t 1s based a local administration of APC by con-
tacting the region of skin with a therapeutically effective
amount of APC as described herein.

The region of skin which 1s contacted with the therapeu-
tically effective amount of APC may be inflamed, or intlam-
mation may be 1n recession. In one embodiment, the skin
disorder 1s characterised by one or more, or all of the
following processes: apoptosis, inflammation, impaired bar-
rier function.

In one embodiment, the region of skin 1s inflamed. One
particularly important example 1s a region of skin associated
with chronic inflammation. This skin may have the appear-
ance ol a psoriatic plaque, and manifest 1n association with
pustules, although the plaque may be substantially non
pustular.

The skin disorder may be selected from the group con-
sisting of psoriasis, dermatitis herpetiformis, pemphigus
vulgaris, vitiligo, and acne vulgaris or cystic acne.

The skin disorder may be non pustular psoriasis, for
example, psoriasis vulgaris or erythrodermic psoriasis.

The skin disorder may be pustular psonasis, for example,
generalized pustular psoriasis, pustolosis palmaris et planta-
ris, annula postular psoriasis, acrodermatitis continua or
impetigo herptiformas.

Typically, where the condition 1s psoriasis, the region of
skin contacted with APC 1s a psoniatic plaque. Thus, 1n
another embodiment there 1s provided a method of treating
an individual for psorasis. The method includes:

providing an individual having a psonatic plaque;

applying a composition including a therapeutically eflec-
tive amount of activated protein C (APC) to the plaque;
thereby treating the individual for psoriasis.

Where the condition 1s acne vulgaris, the region of skin
contacted with APC may include rupture and unruptured
skin. Thus, 1n another embodiment there 1s provided a
method of treating an individual for acne. The method
includes:

providing an individual having acne;

applying a composition including a therapeutically eflec-

tive amount of activated protein C (APC) to the acne;
thereby treating the individual for acne.

Where the condition 1s atopic dermatitis, the region of
skin contacted with APC may include rupture and unrup-
tured skin. Thus, 1n another embodiment there 1s provided a
method of treating an individual for atopic dermatitis. The
method includes:

providing an individual having atopic dermatitis;

applying a composition including a therapeutically eflec-

tive amount of activated protein C (APC) to the atopic
dermatitis;

thereby treating the individual for atopic dermatitis.

The atopic dermatitis may be a form of eczema selected
from the group consisting of endogenous eczema, flexural
eczema, infantile eczema, and 1t may also be known as
“prurigo Besnier,” “neurodermitis,” or “prurigo diathe-
sique”’.

Notwithstanding the foregoing, 1t 1s understood by those
skilled 1n the art that the dosage amount of the APC, protein
C, agent that increases the synthesis of protein C, and/or
protein C activator will vary with the particular compound
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or combination of compounds employed, the disease or
condition to be treated, the severity of the disease or
condition, the type(s) of local administration, the rate of
excretion of the compound, the duration of the treatment, the
identily of any other drugs being administered to the animal,
the age, size and species of the amimal, and like factors
known in the medical arts. In general, a suitable daily dose
of a compound or combination of compounds will be that
amount which 1s the lowest dose eflective to produce a
therapeutic eflect. The dosage amount, dosage form and
mode of administration will be determined by an attending,
physician within the scope of sound medical judgment.
Effective dosage amounts, dosage forms, and modes of
administration for the various compounds and combina-
tion(s) of compounds can be determined empirically and
making such determinations 1s within the skill of the art.

In certain embodiments, 1t 1s 1important that the APC 1s
provided so as to enable contact of APC with skin keratino-
cytes, as, while not wanting to be bound by hypothesis, it 1s
believed that i1t 1s by this contact that the APC provides
selective anti-apoptotic activity (1.e. selective to non inflam-
matory non hyperproliferative cells) of the mvention, and
anti-inflammatory activity. Generally cells which have been
contacted with APC can be recognised by having the fol-
lowing characteristics, higher levels of activated matrix
metalloproteinase (MMP)-2 and endothelial protein C
receptor (EPCR) and lower activity of activated MAP kinase
ERK, and so contact of cells with APC, and therefore,
therapeutic eflicacy of treatment can be established by
assessing for these cell phenotypes.

In certain embodiments, a therapeutically -eflective
amount of APC generally provides an anti-apoptotic eflect
on normal keratinocytes and an apoptotic effect on hyper-
proliferative keratinocytes. This outcome can be assessed as
tollows: measuring cell survival/proliferation (MTT) assay
and cell apoptosis (TUNEL assay), thereby establishing
whether a therapeutically eflective amount of APC has been
provided. An exemplary method 1s shown further herein.

In one embodiment, a therapeutically effective amount of
APC may stop proliferation of hyperproliferative keratino-
cytes and/or provide an anfti-inflammatory effect. This out-
come can be assessed as follows:

measuring cell viability/proliferation (MT'T assay);

enzyme linked immunosorbert assay (ELISA) for intflam-

matory cytokines—IIL-1, IL-6, IL-10, I1L-17, 1L-21/23
or INF-a or

ELISA for EPCR (R&D Systems, Inc., MN);

FACS analysis with propidium 1odide (PI) or PI plus

annexin for apoptosis;

Western blot to detect inflammatory signalling molecules

such as NF-kB:;

thereby establishing whether a therapeutically eflfective
amount of APC has been provided.

In another embodiment, the above outcomes are obtained
by establishing a local tissue concentration of APC 1n the
region of skin from 1 ug to 100 mg of APC per g of skin
tissues. This can be determined by taking skin punch biop-
sies under local anaesthetics from the same chronic plaque.
The amount of APC may then be determined by methods
known 1n the art. In one example, biopsy tissues are minced
and lysed on ice. After centrifugation, the clear supernatants
are used to measure the PC concentration by ELISA and
APC activity by the chromogenic substrate Spectrozyme
PCa assay (American Diagnostica). Enzyme activity 1is
determined by measuring the increase i absorbance of the
free chromophore generated per unit time at A450 nm.
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In certain embodiments, the therapeutically eflective
amount of APC is from 0.1 ug to 5000 ug of APC per cm”
of the region of skin to which the APC 1s applied, or from
1 ng to 2000 pug of APC per cm” of the region of skin to
which the APC 1s applied, or from 10 ug to 1000 ug of APC
per cm” of the region of skin to which the APC is applied,
or from 10 pug to 200 ug, or from 10 ug to 400 ug, or from
10 ng to 800 ng of APC per cm” of the region of skin to
which the APC 1s applied

The APC may be administered once per week up to twice
daily, depending on the nature of the condition. It 1s gener-
ally provided for no more than 20 weeks of consecutive
days, or from no more than 6 weeks of consecutive days.

B.1 Methods of Treatment—Topical

Topical treatment methods, for example, using a paste,
gel, cream, oil, lotion, foam, ointment or like substance are
particularly useful where the relevant skin region 1s one that
contains a ruptured skin surface, as this permits penetration
of the APC to the relevant strata of the skin tissue where the
inflammatory Kkeratinocytes reside. However, these treat-
ments may also be applied where the skin surface 1s sub-
stantially unruptured for example to a psoriatic plaque.

In one embodiment, the therapeutically effective amount
of APC may be from 0.1 to 2000 ug, preferably from 20 to
200 nug of APC per cm” of the region of skin. A higher
amount 1s generally preferred where the skin 1s more
severely aflected, and generally preferred with severe
chronic plaque-type psornasis [Psoriasis Area and Severity
index (PAST) of greater than or equal to 12, body surface
area (BSA) of greater than or equal to 10] where lesions are
present with ulcer, in which APC may promote healing of
ulcer. Lower amounts may be preferred where the skin 1s not
severely aflected, for example where lesions are present
without ulcer.

The concentration of APC 1n the formulation may be
between about 10 ug/ml and 1 mg/ml and the volume of
composition applied to the skin region 1s about 100 ul to 10
ml.

Generally where the relevant condition 1s psoriasis, the
composition 1s provided to the skin generally with a sterile
surface, such as a finger or spatula in a layer of no more than
about 10 mm thickness, preferably about 3 mm thickness. It
may then be rubbed or massaged into the skin region and
surrounding area. The application 1s generally from once per
day to once per week, and generally no longer than 20
weeks, or no longer than 12 weeks.

A similar application procedure and dosage regime may
apply to treatment of acne or atopic dermatitis.

In one embodiment, the APC containing composition may
be applied to a solid substrate 1.¢. a bandage, dressing or the
like, and the substrate then fixed to the relevant skin region.

B.2 Methods of Treatment—Intradermal Injection

In certain embodiments, the above outcomes are obtained
by establishing a local concentration of APC at least 2 times
higher than basal line. This amount of APC can be measured
by measuring APC activity of skin biopsy using ELISA and
chromogenic substrate Spectrozyme PCa assay as men-
tioned above. Intradermal or subcutaneous 1njection 1s gen-
crally preferred as an administration route when the stratum
corneum 1s intact and of such nature that there 1s limited
penetration ol APC across the topic skin layer. Generally a
fine gauge needle on a (~28-34 ) needle on a 1 ml syringe
may be used. Multiple 1injections may be given to cover the
surface area of the skin, with ~1 injection per cm”. The
amount per injection will vary from 10 ul to 1 ml, with
typical amount being 50 ul. Generally the administration 1s
given from once per day to once per week, and generally no
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longer than 20 weeks. Intradermal or sub cutaneous injec-
tion can be used concurrently with topic application of APC.
The preferred indication 1s psoriasis or atopic dermatitis,
although other conditions characterised by keratinocyte
hyperproliferation may be subject to this treatment.

An exemplary embodiment of subcutaneous/intradermal
administration may be usetul 1n severe chronic plaque-type
psoriasis [Psoriasis Area and Severity Index (PASI)=12,
body surface area (BSA)=10] where lesions are present with
or without ulcer. APC 1s administrated subcutaneously at a
dose of 200-2000 ug depending on the size of the plaque or
lesion, twice a week for 12 weeks followed by a 4-week
tollow-up period. The injection 1s performed by 30 gauge
needle with total volume of from 500 ul to 5 mls, preferably
1 ml. APC 1s injected multiple times (intradermally or
subcutancously) at equally-spaced sites surrounding
lesion—if lesion was <10 cm?, there are 4 sites and the
number of sites and dose increases proportionately with
increase 1n lesion size. APC 1s dissolved in water to make an
1sotonic builered salt solution. If necessary, this treatment
can be combined with topical treatment. APC 1n liquid can
be applied on the lesions, daily, continuing for same period
ol subcutaneous treatment. In both studies (with or without
topical treatment) the PAST, static Physician’s Global
Assessment (sPGA), Dermatology Life Quality Index
(DLQI), adverse events, and routine haematological and
laboratory values (e.g. cytokine, histological examination,
PC/APC activity) can be analysed. Expected outcomes: At
week 12, >30% mmprovement in PAST 1n all patients and
>60% 1mprovement in PASI 1n 50% of patients 1s expected.

In one embodiment, an above describe method includes
the step of contacting the region of skin with an anti-
inflammatory amount of APC.

In one embodiment, an above describe method includes
the step of contacting the region of skin with a growth
stimulatory amount of APC.

In one embodiment, an above describe method includes

the step of contacting the region of skin with an apoptosis
inducing amount of APC.

C. APC and Formulations Thereot

APC for use 1n a method described above may take the
form of a composition, or otherwise be obtained by a
process, as described below.

APC may be prepared by 1n vitro activation of protein C
purified from plasma or prepared by recombinant DNA
techniques by methods well known 1n the art. See, e.g., U.S.
Pat. Nos. 4,981,952, 5,151,268, 5,831,025, 6,156,734,
6,268,344, and 6,395,270.

Alternatively, APC may be prepared directly by recom-
binant DNA techniques. See, e.g., U.S. Pat. Nos. 4,981,952,
5,151,268, 6, 156,734, 6,268,344 and 6,395,270. Recombi-
nant activated protein C may be produced by activating
recombinant human protein C zymogen 1n vitro or by direct
secretion from cells of the activated form of protein C.
Protein C may be produced in transgenic animals, transgenic
plants, or a variety of ecukaryotic cells, including, for
example, secretion from human kidney 293 cells as a
zyvmogen then purified and activated by techniques known to
the skilled artisan.

APC may be from any species of animal, but human APC
1s preferred.

Fragments and denivatives of APC may be used in the
practice of the invention, provided that they exhibit the
activities described herein. See, e.g., U.S. Pat. Nos. 5,151,
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268, 5,453,373 and 35,516,650 and PCT applications WO
89/12685, WO 01/563532, WO 01/59084, and WO 01/72328.

APC may be a dertvative of human APC having prote-
olytic, amidolytic, esterolytic, and biological (anticoagulant,
anti-inflammatory, or pro-fibrinolytic) activities characteris-

tic of human APC. Examples of protein C derivatives are
described by Gerlitz, et al., U.S. Pat. No. 5,453,373, and

Foster, et al., U.S. Pat. No. 5,516,630, the entire teachings of
which are hereby incorporated by reference.
Suitable pharmaceutical compositions of APC comprise

the APC and a pharmaceutically-acceptable carrier. See,
e.g., US. Pat. Nos. 6,395,270 and 6,159,468 and PCT

applications WO 98/48818, WO 01/56532 and WO
01/72328. An APC-containing composition may generally
be one that 1s a stable lyophilized product of high purity
comprising a bulking agent (such as sucrose, mannitol,
trehalose, and ratlinose), a salt (such as sodium chloride and
potassium chloride), a bufler (such as sodium citrate, Tris-
acetate, and sodium phosphate), and APC. For example, a
stable lyophilized composition may comprise a weight ratio
of about 1 part APC, between about 7-8 parts salt, and
between about 5-7 parts bulking agent. An example of such
a stable lyophilized composition 1s: 5.0 mg APC, 30 mg
sucrose, 38 mg NaCl, and 7.56 mg citrate, pH 6.0, per vial.

C.1 Topically Admimstered Formulation

In one particularly preferred embodiment, the APC 1s
provided 1n the form of a composition or formulation that 1s
adapted for topical administration to a relevant skin lesion,
plaque or other skin surface the subject of the relevant
disorder according to a method described under Section B
above. Examples of such formulations include those that can
be applied directly to the relevant surface enabling local
adminmistration of the APC to the relevant site. These for-
mulations include gels, oils, sprays, roll on formulations,
ointments, lotions, foams and the like. In one embodiment,
the APC 1s provided in the form of a methyl-cellulose gel
and may contained stabilisers such as carbohydrates and
salts.

Skin omtment may be a combination of organic, health,
beauty or medicinal ingredients, usually 1n a petroleum o1l
base. This gives skin ointment a thicker, less water-soluble
formula that stays on the surface of the body longer so that
the ingredients can work more eflectively to treat a wide
variety of problems. There are many natural and organic skin
omtments which can be ordered from companies (such as
Therapex).

Clobetasol propionate (CP) foam (0.05%) may also be
used. This 1s an emulsion aerosol foam that has been used for
the treatment of mflammatory and pruritic manifestations of
corticosteroid-responsive dermatoses 1n the United States
and for inflammatory and pruritic manifestations of moder-
ate to severe atopic dermatitis in Canada (Olux-E (clobetasol
propionate) foam, 0.05% Stietel Laboratories Inc, Research
Trnangle Park, N.C. (2011).

Where the formulation 1s a gel, 1t may contain APC 1n an
amount of 10-5000 ug/g gel.

C.2 Injectable Formulation

A particularly pretferred formulation of APC 1s the product
sold by Eli Lilly and Co., Indianapolis, Ind., under the
trademark Xigris™. Xigris™ 1s supplied as a sterile, lyo-
philized powder for intravenous infusion. The 5 mg vials of
Xigris™ contain 3.3 mg/vial of human recombinant APC,
31.8 mg/vial sucrose, 40.3 mg/vial NaCl, and 10.9 mg/vial
sodium citrate, and the 20 mg vials of Xigris™ contain 20.8
mg/vial ol human recombinant APC, 124.9 mg/vial sucrose,
158.1 mg/vial NaCl, and 42.9 mg/vial sodium citrate. The

vials are reconstituted with Sterile Water for Injection, USP,
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to give a concentration of about 2 mg/ml APC, and this
diluted APC 1s then added to 0.9% Sodium Chloride Injec-

tion to give a concentration of from about 100 to about 5000
ug/ml APC for administration to a patient. This 1s a particu-
larly preferred formulation for admimstration of APC by
subcutaneous 1njection techniques as described under Sec-
tion B above.

Whether administered topically or by sub cutaneous injec-
tion, 1n certain embodiments, the relevant formulation may
contain protein C as an alternative to, or 1n addition to APC.
For instance, an eflective amount of protemn C can be
administered which will be activated 1n vivo by the endog-

enous protein C pathway to produce APC. See, e.g., U.S.
Pat. No. 5,151,268 and PCT application WO 93/09807. As

noted above, protein C can be purified from plasma or can

be made by recombinant DNA techniques. See, e.g., U.S.
Pat. Nos. 4,959,318, 4,981,952, 5,093,117, 5,151,268,

5,571,786, 6,156,734, 6,268,344, and 6,395,270. Suitable
pharmaceutical compositions comprising protein C are
known (see, e.g., U.S. Pat. Nos. 5,151,268 and 5,571,786).

Endogenous production of APC can also be increased by
administering an amount of an agent that increases the
synthesis of protein C in the animal. See, e.g., PCT appli-
cation WO 93/09807. Suitable agents include anabolic ste-
roids (e.g., danazolol). See, e.g., PCT application WO
93/09807.

In certain embodiments, endogenous production of APC
can be increased by administering an amount of a protein C
activator effective to cause the production of APC in vivo
from endogenously synthesized protein C and/or from co-
administered protein C. See, e.g., PCT application WO
93/09807. A protein C activator 1s any compound that causes
or increases the generation of APC. Suitable protein C
activators include thrombin, a.-thrombin, active site acylated
thrombin, thrombin analogs and mutants (e.g., thrombin
E192Q and thrombin K32E), soluble thrombin-throm-
bomodulin complexes, agents that would prevent clearance
or decay of thrombin-thrombomodulin complexes, agents
that enhance the synthesis or delay the clearance of throm-
bomodulin, a venom (such as Protac or Russel Viper
venom), factor Xa, plasmin, trypsin, and any other venom,
enzyme or compound capable of causing or increasing the
generation of APC from protein C. See, e.g., PCT applica-
tion WO 93/09807. Preferred protein C activators are throm-
bin and active site acylated thrombin.

In some embodiments, APC may be administered with
another agent for controlling one or more or intlammation,
cell proliferation and apoptosis. One particularly preferred
agent 1s an anfti-1L-17 antibody, 1n particular Ixekizumab,
which showed significant improvements 1n skin disease
severity scores compared with placebo 1n a Phase II Study
in Patients With Chromic Plaque Psoriasis (NEJM, 2012).
Other examples of agents for controlling intflammation
include TNF-o inhibitors and anti-inflammatory cytokines
and biopharmaceuticals.

It will be understood that the invention disclosed and
defined 1n this specification extends to all alternative com-
binations of two or more of the individual features men-
tioned or evident from the text or drawings. All of these
different combinations constitute various alternative aspects
of the invention.

Further aspects of the present invention and further
embodiments of the aspects described i1n the preceding
paragraphs will become apparent from the following
description, given by way of example and with reference to
the accompanying drawings.
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EXAMPLES

Example 1. Pre-Clinical Trial Establishing the
Selective Anti-Apoptotic Activity of APC on Slow
Growing, Non Intflammatory Keratinocytes and
Psoriasis Skin Keratinocytes

S1x patients with active chronic plaque psoriasis and 6
normal individuals are recruited. They have not received any
treatment for at least 4 weeks prior to sampling. Two 6-mm
punch biopsies are taken under local anesthetic from the
same chronic plaque. Keratinocytes are isolated as we
described previously (20).

Normal keratinocytes are treated with a mixture of cyto-
kines [IL-1a (10 ng/ml), IL-6 (5 ng/ml), TNF-a (5 ng/ml),
IL-17A (10 ng/ml)] to induce a psoriatic phenotype. APC 1s
added to keratinocytes at 1, 10 ug/ml and treated for 24, 48
and 72 hrs. Cell proliferation/survival 1s examined using
MTT assay, Brdu proliferation assay. Cell apoptosis 1is
examined by TUNEL assay, Flow cytometry (propidium
iodide (PI) or PI plus annexin-V). Cytokine production and
four selected psonasis-associated genes TNE, DEFB4,
CAMP, PI3 are detected by RI-real time PCR and ELISA.
The activation and expression of apoptotic signal molecules

capase-3, 8 and 9 and MAK kinase ERK are detected by

western blot.

The results will show that APC induces the apoptosis of,
and slows the growth of psonatic keratinocytes while 1t
stimulates the growth and survival of the normal keratino-
cytes. APC also reduces the levels of inflammatory cytok-
ines 1L-1, TNF-a, IL-17 and IL-6 and psonasis-associated
molecules TNF, DEFB4, CAMP, PI3. In the normal control
cells that are treated with inflammatory mediators, cell
growth 1s enhanced and the addition of APC reverses this
ellect. Overall, the results will clearly show that APC can not
only inhibit the inflammation associated with psoriatic kera-
tinocytes, but 1t also reduces the characteristic excessive
proliferation associated with these cells.

Example 2. A Phase 2 Pilot Trial with
Subcutaneous APC Over 12 Weeks

Patient selection: 5 Patients with severe chronic plaque-
type psoriasis [Psoriasis Area and Severity Index (PASI)z12,
body surface area (BSA)=10] are enrolled. Primary inclu-
s10n criteria includes patients 18 to 70 years of age who have
had stable plaque psoriasis for at least 6 months. Primary
exclusion criteria includes: 1) patients with non-plaque or
drug-induced psoriasis; 11) the use of biologicals such as
rituximab, abatacept, infliximab, adalimumab, cyclosporine,
or mycophenolic acid and etanercept or anakinra within 28
days prior to study 111) patients who have recerved anti-
psoratic treatment, including any phototherapy, during 8
weeks preceding the study and treatment with any standard
topical therapy for psoriasis other than with bland emollients
during 4 weeks preceding the study; 1v) the use of topical
therapy during the study 1s limited to class III to VII
glucocorticoids on the scalp, axillae, and groin only; v)
evidence of any active or recent infections, or a history of
malignancy or other autormmune disease, pregnant women
are also exclusion criteria.

Treatment: Patients are administered with 400 ug APC/
plaque subcutaneously twice a week for up to 12 weeks or
when plaques resolve. APC 1s 1mjected evenly around (as
previously described) the periphery and under psoriatic
plaques and vehicle alone (placebo) 1s injected similarly mnto
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control plaques symmetrically localized on the other body
side. Patients are then followed up for an additional 4 weeks
after the final treatment.

Measurement: The PASI, static Physician’s Global
Assessment (sPGA), Dermatology Life Quality Index
(DLQI), adverse events, and routine haematological and
laboratory values (e.g. cytokine, histological examination,
PC/APC activity) are analysed. Safety considerations
include bleeding risk, headache, fatigue, infection and
allergy. Relevant cell and biochemistry events include white
blood cell, neutrophil, and platelet counts; coagulation activ-
ity, PC/APC levels and antibody formation to APC in serum.
A 4 mm biopsy 1s taken to perform histological examination
of PC/APC and EPCR, and the evaluation of the main
psoriatic parameters such as acanthosis, hyperkeratosis, and
parakeratosis, the mitotic activity of the epidermis, papillary
edema, dilation and tortuosity of capillaries, and neutrophails
in the dermis, the stratum spinosum, as well as 1n the horny
layer, respectively.

Statistical analysis: Baseline values and values at weeks
during treatment, and 4 weeks aiter treatment are compared
at a significance level of 0.03, using a 1-sided 2-sample
t-test.

Results and Discussion: APC treatment will be shown to
be safe and well tolerated and patients will show at least
60% resolution of psoriasis lesions, with 3 of 5 patients
showing complete resolution of the plaque. APC’s efiect
shall be sustained during the 4 week follow-up. All patients
will show improved PASI, sPGA, DLQI and with no adverse
ellects and no APC antibodies formed 1n response to the
treatment. Significant reductions in the thickness of epider-
mis and inflammatory cells 1n the skin can be observed, and
an increase 1n keratinocyte expression of EPCR, however,
circulating PC/APC levels are not aflected. Overall, the
results will show that APC 1s sate, well tolerated and highly

cllicacious for psoriasis plaques.

Example 3 A Phase 2 Pilot Trial with Subcutaneous
aPC for Acne Vulgaris 1n 10 Patients

Patient selection: 10 Patients with acne vulgaris are
enrolled. Primary inclusion criteria includes: patients 18 to
30 years of age who have had bilateral facial acne for at least
6 months. Primary exclusion criteria includes evidence of
any active or recent infections, or a history of malignancy or
other autoimmune disease, pregnant women.

Treatment: Patients are administered with 200 ug APC in
gel form once a day for 12 weeks or when acne resolves. The
patients are provided with two tubes of gel marked L and R
and advised to apply 2 cm of gel, squeezed from the tube, to
the designated aflected area (L on left side of face and R on
right side of face) and rub 1n evenly. Patients are then
tollowed up for an additional 4 weeks after the final treat-
ment.

Measurement: Photographs are taken before treatment
and every 4 weeks and acne area calculated using computer-
assisted 1mage analysis. Adverse events, and routine hae-
matological and laboratory values (e.g. cytokine, histologi-
cal examination, PC/APC activity) are analysed. Safety
including bleeding risk, headache, fatigue, infection, allergy
are monitored. Relevant cell and biochemistry events
include white blood cell, neutrophil, and platelet counts;
coagulation activity, PC/APC levels and antibody formation
to APC 1n serum.
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Statistical analysis: Baseline values and values at weeks
during treatment, and 4 weeks alter treatment were com-
pared at a significance level of 0.05, using a 1-sided
2-sample t-test.

Results and Discussion: APC treatment will be shown to

be safe and well tolerated and patients will show at least
50% resolution of the acne. APC’s effect will be sustained
during the 4 week follow-up. There will be no adverse
cllects and no APC antibodies formed 1n response to the
treatment. There should be significant reductions in the
thickness of epidermis and inflammatory cells 1n the skin, an
increase in keratinocyte expression of EPCR, however,
circulating PC/APC levels are not afli

ected. Overall, our
results will show that APC 1s safe, well tolerated and highly
ellicacious for acne vulgaris.

Example 4 Gel Formulation and Therapeutic
Application

This example offers a non-sterile, low bioburden, pre-
served, sodium carboxymethylcellulose-based topical gel,
containing the active ingredient activated protein C and the
following 1nactive 1ngredients: carboxymethylcellulose
sodium, glacial acetic acid, 1-lysine hydrochlorde,
m-cresol, methylparaben, propylparaben, sodium acetate
trihydrate, sodium chloride, and water for injection. Each
gram ol Gel contains 100 ug activated protein C.

Example 5 Gel Formulation and Therapeutic
Application

Carbopol®*Ultrez 30 polymer (Lubrizol Advanced Mate-

rials, Inc) offers good viscosity 1n combination with xanthan
gum 1n the presence of 1% salicylic acid and 5% of an
clectrolyte containing extract, in this cold process formula-
tion at pH 4. Glucam™* E 20 humectant, along with
glycerin, imparts humectancy. Below 1s the formula.

INCI Name, Trade Name Weight % Function

A. 1. Deionized Water 79.15  Diluent
2. Disodium EDTA, 0.05  Chelating Agent
Protachem NA?2
3. Carbomer, 0.80 Rheology Modifier
Carbopol ®*
Ultrez 30 Polymer
B. 4. Glycerin, 2.00  Humectant
Glycerin, 99.7% USP
5. Methyl Gluceth-20, 1.00  Humectant
Glucam ™%* E-20
Humectant
6. Xanthan Gum, 0.25  Thickener
Keltrol ® CG
C. 7. Sodium Hydroxide 1.75  Neutralizer
(18% Solution)
D. 8. Butylene Glycol 6.00  Solubilizer
9. Alcohol, 2.00  Solubilizer
Ethyl Alcohol
10. Salicylic Add 1.00  Anti-Acne Agent
E 11. PEG-40 Hydrogenated 0.25  Solubilizer
Castor Oil,
Cremophor ® CO-40
12. Lauryl Lactate, 0.25 Emollient
Schercemol ™* LI Ester
g 13. Phenoxyethanol (and) 0.50 Preservative
Ethylhexylglycerin,
Fuxyl ® PE 9010
14. Water, Glycerin 5.00  Anti-irritant

Procedure:
1. Combine PART D ingredients and mix until Salicylic
Acid Crystals are fully dissolved. Set aside for later addition.
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2. Dissolve Disodium EDTA 1n water. When Disodium
EDTA 1s fully dissolved, set mixing speed @400-500 rpm

and slowly disperse Carbopol®* Ultrez 30 polymer into
water. continue mixing until polymer 1s fully hydrated.

3. Premix PART B ingredients into a uniform slurry. Add
to PART A. Increase mixing speed as needed to maintain
uniformity.

4. Add PART C to PART AB and increase mixing speed
as needed to maintain uniformity. Continue mixing for 10
minutes.

5. Add PART D to batch and adjust mixing speed as
needed to reduce any splashing due to viscosity change. Mix
until uniform.

6. Premix PART E ingredients and add to batch. Mix until
uniform.

7. Add PART F ingredients individually with good mixing
between additions.

APC 1s added to an amount of 10-3000 ug/g gel or
0.01-0.05 w/w %

This gel can be applied directly to lesion areas.

Example 6 Spray on Formulations and Therapeutic
Applications

APC was solubilised 1n an isotonic sterile solution as
described above for APC by imjection. Spray delivery was
achieved by drawing up the contents of the vial into a 2.5 ml
syringe using a drawing needle. A sterilised spray nozzle
was fitted to the end of the syringe (in place of the needle)
and the treatment (APC or saline) was evenly sprayed onto
the plaque 1n order to cover the entire aflected surface. Thus,
no propellant was required to obtain atomisation, merely the
pressure applied to the syringe. Application was repeated as
necessary, preferably once a day. This technique 1s easy to
perform and repeat in a consistent manner providing an even
coverage of treatment.

Example 7 Techniques for Assessment of
Anti-Apoptotic Effect on Normal Keratinocytes and
Apoptotic Effect on Hyperproliferative
Keratinocytes

According to the mnvention, a therapeutically effective
amount of APC generally provides an anti- apoptotlc cllect
on normal keratinocytes and an apoptotic effect on hyper-
proliferative keratinocytes. This outcome can be assessed in
vitro or 1n situ as follows:

In Vitro Method 1.

Untreated active psoriatic skin 1s removed using a biopsy
punch and keratinocytes are 1solated. Brietly, cells (3000
cells/well) are seeded 1n 96 well-plates to a final volume of

200 ul, then ncubated for 4

hours to allow cells to attach.

Cells are then treated with APC at 0.1, 1 and 10 pg/ml for
72 hrs.

1) Cell survival/growth rate by MTT assay: In this assay,
mitochondrial dehydrogenases of viable cells cleave the
tetrazolium ring, vielding purple MTT formazan crystals
which are insoluble 1n aqueous solutions. The crystals can be
dissolved 1n acidified i1sopropanol. The resulting purple
solution 1s spectrophotometrically measured. An increase 1n
cell number results 1n an increase in the amount of MTT
formazan formed and an increase in absorbance. Three hours
pI‘lOI‘ to the completion of the treatment, 10 ul of 5 mg/nil
MTT 1s added to cells. After a further incubation 3 hours, the
MTT solution 1s removed and replaced by 100 ul DMSO.
The optical density of each well 1s determined at a wave-
length of 570 nm with a reference wavelength of 630 nm.
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The viability of cells 1s directly related to OD. APC reduced
the viability 1n a dose-dependent manner.

2) Apoptotic rate detection was by TUNEL assay, FACS
analysis with propidium 1odide (PI) or PI plus annexin-V)
and active caspase activity.

TUNEL assay 1s performed using an 1n situ cell death
detection kit according to manufacturer’s instructions
(Roche Diagnostics Australia Pty. Ltd., NSW, Australia).
Brietly, cells are permeabilised with 0.1% Triton X-100 1n
freshly prepared 0.1% sodium citrate, and incubated with
terminal deoxynucleotidyl transferase in the presence of
fluorescein-labeled AUTP (60 min at 37° C.). TUNEL posi-
tive cells were visualized using an anti-fluorescein peroxi-
dase (POD) conjugated antibody and POD substrate reac-
tion. Sections were counterstained with DAPI. The
frequency of apoptotic cells was determined by a blinded
ivestigator by counting TUNEL positive cells and total cell
number under a high magnification view (40x) and calcu-
lating the percentage of TUNEL positive cells.

FACS analysis: Keratinocytes are trypsinized and washed
with FACS washing bufler (PBS with 3% FCS). A 200 ul
cell suspension 1s incubated with propidium 1odide (PI) or PI
plus annexin-V or conjugated antibodies, and subsequently
detected by a flow cytometer for cell cycles/cell apoptosis
and protein expression. Data 1s analyzed using Flowlo
software.

Active caspase activity 1s detected by western blot. Fol-
lowing treatment, keratinocytes are washed three times with
PBS and lysis bufler (0.15 M NaCl, 0.01 mM PMSE, 1%
NP-40, 0.02 M Tris, 6 M urea/H,O) supplemented with
protease inhibitor and phosphate ihibitor (Roche, India-
napolis, Ind., USA) was added. Cell lysates are centrifuged
at 10,000 g for 15 minutes and supernatants are separated by
10% sodium-dodecyl-sulphate polyacrylamide-gel electro-
phoresis (SDS-PAGE) and transferred to a PDVF mem-
brane. Anti-human caspase-3, 8 and 9 antibodies are
detected. Immunoreactivity 1s detected using the ECL detec-
tion system (Amersham, Piscataway, N.I.). Anti-human
3-actin antibody was 1included to normalize against unequal
loading.

In all apoptosis assays APC promotes apoptosis ol fast-
growing keratinocytes.

In Vitro Method 2.

The aim i1s to determine whether keratinocytes from
APC-treated plaques are more prone to apoptosis than
placebo-treated cells. APC 1s delivered to psoriatic plaques
(~5-50 cm” in size) using 2 methods: 1) topical injection (100
ng-1 mg); 1) spraying a solution (10 ng-1 mg), using
sterilised spray nozzle on end of 0.5 ml syringe). Active
psoriatic skin treated with either APC or placebo are
removed using biopsy punches and keratinocytes are 1so-
lated. Cells are immediately measured for apoptosis using
FACS analysis, as described above. Results indicated that
there are signmificantly higher levels of apoptotic cells from
APC-treated skin, compared to placebo-treated skin.

In Situ Method

in situ cell apoptosis: The aim 1s to determine whether
keratinocytes from APC-treated plaques are more prone to
apoptosis than placebo-treated cells. APC 1s delivered to
psoriatic plaques (~5-50 sq cm 1n size) using 2 methods: 1)
topical mjection (100 ng-1 mg); 11) spraying a solution (10
ng-1 mg), using sterilised spray nozzle on end of 0.5 ml
syringe). Active psoriatic skin treated with either APC or
placebo 1s removed using biopsy punches. Skin 1s fixed and
cell apoptosis 1s detected using an 1n situ cell death detection
kit according to manufacturer’s instructions (Roche Diag-
nostics Australia Pty. Ltd., NSW, Australia). Brietly, cells are
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permeabilised with 0.1% Triton X-100 1n freshly prepared
0.1% sodium citrate, and incubated with terminal deoxy-
nucleotidyl transferase 1n the presence of fluorescein-labeled
dUTP (60 min at 37° C.). TUNEL positive cells are visual-
1zed using an anti-fluorescein peroxidase (POD) conjugated
antibody and POD substrate reaction. Sections are counter-
stained with DAPI. The frequency of apoptotic cells 1s
determined by a blinded investigator by counting TUNEL
positive cells and total cell number under a high magnaifi-
cation view (40x) and calculating the percentage of TUNEL
positive cells. Skin treated with APC has significantly higher
levels of TUNEL-positive apoptotic cells compared to pla-
cebo-treated skin.

Mouse Model of Psoriasis

The psoriasis xenograit SCID mouse model (82 mice
required) 1s performed as previously described (Ray-
chaudhuri, 2001 Br. J. Dermatol). Brietly, human psoriatic
plaques (1 cm?) are grafted onto the back of an ~8-week-old
SCID mice after removing a full-thickness skin sample. The
psoriatic graits are accepted 1n 3-4 weeks and the psoriasis-
like disease 1s maintained for at least 10 weeks. APC 1s

delivered after psoriasis development using 2 methods: 1)
intradermal 1njection (10 ng-100 ug); 1) spraying a solution
(10 ng-100 ug), using a sterilised spray nozzle on the end of
0.5 ml syringe) on affected skin (8/group) 3 times/week for
up to 8 weeks. Physiological saline 1s used as placebo
control. Punch biopsies (2 mm), taken on day O (before
treatment) and day 28 (after treatment), are snap frozen and
processed for immunostaining and histology to determine
epidermal thickness, rete peg length (an indicator of epider-
mal thickness) and inflammatory cellular infiltrates. On day
28, skin 1s collected to measure miflammatory mediators,
differentiation markers and junctional proteins. APC treat-
ment reduces the thickness of the skin and the number of
inflammatory cells, particularly the neutrophils and T cells.
Inflammatory cytokines in APC-treated skin are reduced,
particularly tumour necrosis factor-c. and junction-associ-
ated proteins are increased, especially zona occludens-1
claudins, occludins, and JAM-A, compared to placebo.
Cell proliferation using BrdU incorporation: To achieve
labelling of cells undergoing DNA synthesis, adult mice
receive one 1njection of BrdU (100 mg/kg) 2 h before
euthanasia, and mouse skins are collected and fixed with
10% formalin. Proliferative cells are detected by immunos-
taining with anti-BrdU antibody. APC-treated cells exhibit
significantly less BrdU incorporation indicating lower pro-

liferative capacity.

Example 8 A Phase 2 Pilot Trial with Subcutaneous
APC Over One Month in Five Patients

Patients

Patients 18 to 70 years of age who had stable plaque
psoriasis for at least 6 months, had received or were candi-
dates for phototherapy or systemic psoriasis therapy.

Exclusions:

Patients with non-plaque or drug-induced psoriasis.

Patients who had received anti-psorniatic treatment,
including any phototherapy, during 8 weeks preceding the
study and treatment with any standard topical therapy for
psoriasis other than with bland emollients during 4 wk
preceding the study. The use of topical therapy during the
study would be limited to class III to VII glucocorticoids on
the scalp, axillae, and groin only.

Patients with clinical evidence for infection during 3
weeks betore the study, and patients with a history of cancer.
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Study Design
A phase 2 pilot trial with subcutaneous APC (100 ug)

weekly for one month 1n five patients.

APC Admimstration Protocol.

Five otherwise healthy, male patients with chronic plaque
psoriasis are chosen for treatment with APC. The drug 1s
administered weekly over a period of 4 weeks 1n a dosage of
100 ug.

APC 1s 1njected subcutaneously directly under psoriatic
plaques and vehicle alone (placebo) i1s 1njected under a
control plaque symmetrically localized on the other body
side. A control plaque comparable to the other two 1s
selected for study with neither injection

Reporting

Descriptive Analysis (Baseline)

The baseline demographic (age, weight, BMI, ethnicity)
and disease characteristics (duration of psoriasis, percentage
of body area aflected by psoriasis, mean PASI score, the
presence of marked or severe psoriasis), as assessed by
means ol the static physician’s global assessment, prior
topical treatment, prior phototherapy, prior systemic therapy,
prior biologic therapy.

Efficacy and Safety Evaluations

Efficacy from day 1 (before therapy) up to 3 d after the

end of therapy (day 31) by photo documentation and/or 20
mHz ultrasound.
Three different plaques (including the site of APC and
vehicle admimistration) are monitored in detail i each
patient to determine the reduction in the echo-poor band
(representing both epidermal acanthosis and the infiltrate 1n
the upper dermis) the percentage improvement 1n the pso-
riasis area and severity index (PASI) of each patient.

Skin biopsies (4-mm punch biopsies) 4 day betore APC at
one week and at day 24 (end of therapy) for histological and
immune-histochemical examination as well as mRNA.

Histology and Immunohistochemistry

The histological investigations include the evaluation of
the main psornatic parameters such as acanthosis, hyperk-
cratosis, and parakeratosis, the mitotic activity of the epi-
dermis, papillary edema, dilation and tortuosity of capillar-
ies, and neutrophils in the dermis, the stratum spinosum, as
well as 1n the horny layer, respectively

Immunohistochemical Investigations

Safety

Adverse events, serious adverse events, Routine hemato-
logic and laboratory values, Antibody formation to APC.

Side-eflects and the pruritus

Delayed type of hypersensitivity reaction (DTH)
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The 1nvention claimed 1s:

1. A method of inducing apoptosis of hyperproliferative 40
keratinocytes 1n an individual having a skin disorder char-
acterized by the presence ol hyperproliferative keratino-
cytes, the skin disorder selected from the group consisting of
acne, dermatitis herpetiformis, and atopic dermatitis,
wherein the method comprises: 45

contacting a region of skin of the individual that 1s

characterized by acne, dermatitis herpetiformis, or
atopic dermatitis with a therapeutically eflective
amount of activated protein C (APC),

thereby inducing apoptosis of hyperproliferative keratino- 50

cytes 1n the region of the skin characterized by acne,
dermatitis herpetiformis, or atopic dermatitis.

2. The method of claim 1, wherein the therapeutically
cllective amount of APC decreases inflammation in the
region of skin. 55

3. The method of claim 1, wherein the therapeutically
ellective amount of APC 1nhibits apoptosis of slow growing/
normal keratinocytes in the region of skin.

22

4. The method of claim 1, wherein the therapeutically
cellective amount of APC does not inhibit the growth of
normal keratinocytes, or induce proliferation of normal
keratinocytes.

5. The method of claim 1, wherein the therapeutically
ellective amount of APC 1s from 1 ug to 5 mg of APC per
cm” of the region of skin.

6. The method of claim 1, wherein the APC 1s provided in
the form of a gel, cream, ointment, spray, or lotion adapted

for contact with the skin surface.
7. The method of claim 1, wherein the APC 1s provided

for contact with the region of skin in the form of a compo-
sition adapted for subcutaneous injection.

8. The method of claim 1, wherein the skin disorder 1s
further characterized by one or more of the following
processes: apoptosis, mflammation and impaired barrier
function.

9. The method of claim 1, wherein the method further
includes administration of an additional anti-inflammatory
agent 1n the individual.

10. The method of claim 1, wherein the skin disorder
characterized by the presence of hyperproliferative keratino-
cytes 1s dermatitis herpetiformis.

11. The method of claim 1, wherein the skin disorder
characterized by the presence of hyperproliferative keratino-
cytes 1s acne.

12. The method of claim 1, wherein the skin disorder
characterized by the presence of hyperproliferative keratino-
cytes 1s atopic dermatitis.

13. The method of claim 2, wherein the method further
includes administration of an additional anti-inflammatory
agent 1n the ndividual.

14. The method of claim 3, wherein the method further
includes administration of an additional anti-inflammatory
agent 1n the individual.

15. The method of claim 4, wherein the method further
includes administration of an additional anti-inflammatory
agent in the individual.

16. The method of claim 5, wherein the method further
includes administration of an additional anti-inflammatory
agent 1n the individual.

17. The method of claim 6, wherein the method further
includes administration of an additional anti-inflammatory
agent 1n the ndividual.

18. The method of claim 7, wherein the method further
includes administration of an additional anti-inflammatory
agent 1n the individual.

19. The method of claim 8, wherein the method further
includes administration of an additional anti-inflammatory
agent 1n the individual.

20. The method of claim 1, wherein inducing apoptosis of
the hyperproliferative keratinocytes 1n the region of the skin
characterized by acne, dermatitis herpetiformis, or atopic
dermatitis treats the skin disorder.

21. The method of claim 20, wherein treating the skin
disorder decreases or eliminates the skin disorder.
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